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Abstract 
The tabbing step is a critical process step in module manufacturing. Defective solder joints lead to an increased series 
resistance, a lower fill factor and to mechanical stability problems. Out of several image-based methods, such as PL, 
PL-j0, EL, ReBEL, RS-EL, LBIC, DLIT and ILIT (all discussed in [1]) we investigate the potential of RS-
electroluminescence as a non-destructive method to detect defective solder joints. This series resistance imaging 
method is based on the work of Haunschild [2]. The idea is to map the local series resistance of an interconnected 
solar cell with the help of a high and a low voltage EL-image. The potential of the method is demonstrated on a 
standard solar cell and on a MWT solar cell. For that matter we produce defined soldered interconnections on solar 
cells where we vary the parameters soldering force, soldering time and tabbing cell temperature during the tabbing 
step. The RS-EL method on these samples shows that defective solder joints can be detected and localised so that a 
spatially resolved quality control of the interconnection process becomes possible. 
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1. Introduction 
One of the critical processes in module production is the tabbing step. Due to contact pressure and 
thermomechanical stress after cooling from the soldering temperature the cells may be damaged. On the 
other hand insufficient contact pressure or low soldering temperatures are likely to create defective solder 
joints. In terms of optimal quality the solder joints should exhibit high adhesive forces between the busbar 
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and the interconnector as well as low series resistance for sufficient electrical conductivity and sufficient 
reliability. Defective solder joints result in a higher series resistance, inhomogeneous voltage distribution, 
lower fill factor and a loss of mechanical stability. In this approach we are going to focus on the detection 
of defect areas on the solar cell rather than measuring only the global electrical solar cell performance. 
Luminescence imaging methods are well-proven characterization methods to evaluate the electric 
quality of solar cells. One of their advantages is the determination of local defects. Among the non-
destructive methods like PL, PL-j0, EL, ReBEL, RS-EL, LBIC, DLIT and ILIT (all discussed in [1]) we 
decide to focus on RS-EL. This series resistance imaging method [2] is based on a high and low voltage 
image. The other methods will not be discussed any further in this paper. 
2. Theory 
The series resistance imaging method, which is used in this paper, is discussed in more detail in ref. 
[2]. A low voltage EL image and a high voltage EL image are needed. The method is based on Ohm’s 
law. Each series resistance pixel of a solar cell image with the coordinate x and y can then be described 
by using the electrical model of Figure 1, i.e.  
   xyxyextxyS JUVR /,    (1) 
The external cell voltage Vext is measured. The voltage at the pn-junction Uxy and the current density of 
the cell Jxy at any pixel are unknown variables. 
 
 
Fig. 1. Electrical model to calculate the series resistance at the any pixel with the coordinate x and y 
The voltage Uxy is calculated by two EL images. In the lower voltage EL image RS,xy can be neglected. 
Hence Uxy has the same value at any pixel and can be identified with the external applied voltage Vext. 
The calibration constant Cxy can be determined by the following equation 
 
)/exp(/ kText, VVC lowxyxy )   (2) 
where Φxy,low is the luminescence signal at an applied low voltage and VkT is the thermal voltage. Now 
the voltage Uxy can be calculated by the high voltage EL image by 
 
)/exp( kT, VUC xyxyhighxy  )   (3) 
where Φxy,high is the luminescence signal at an applied high voltage. The current density Jxy can be 
calculated by 
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where J0,xy the dark saturation current of the pixel coordinate x and y is. To determine the unknown 
variable J0,xy some assumptions are needed. For a cell with low minority carrier lifetime and good 
passivation the following physical correlations can be hold: 
 
bulkeff LL |   (5) 
xyxy CJ v,0   (6) 
where Leff is the effective minority carrier diffusion length and Lbulk is the minority carrier diffusion 
length from the bulk. Now equation (1) can be solved for each pixel and the series resistance image can 
be mapped. 
3. Evaluation of series resistance imaging for front side soldering 
In a first step we prepare soldered standard solar cell samples with different poor solder joints. In order 
to assess the quality of the RS-EL characterization method there must not be any cell defects or distortion 
which might influence the area around the solder joint. For our evaluation the solar cell sample is only 
front side soldered at distinct solder points. 
Table 1. Soldering parameters of the solar cell sample 
Solder joint positions from top to bottom 1 2 3 
Le
ft 
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Soldering temperature 350 °C 350 °C 350 °C 
Soldering force 5 N 15 N 5 N 
Soldering time 5s 5 s 10 s 
Cell temperature 100 °C 100 °C 100 °C 
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Soldering temperature 350 °C 350 °C 350 °C 
Soldering force 5 N 15 N 5 N 
Soldering time 5 s 5 s 10 s 
Cell temperature 150 °C 150 °C 150 °C 
3.1. Sample preparation 
To fulfill the sample requirements the soldering step is conducted by a temperature, time and force 
controlled precision soldering contact platform which generates reproducible solder joints. The solar cells 
has three busbars on the front side. The soldering parameters are listed in table 1. The right busbar 
parameters do not vary. 
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3.2. Measurement 
The measurement is performed in the photovoltaic technology evaluation center (PV-Tec) of 
Fraunhofer ISE. The connected power supply applies the external voltage and thus generates photons in 
the solar cell. The emitted photons are detected by a silicon CCD camera. The series resistance image is 
calculated by two electroluminescence (EL) images. 
 
 
Fig. 2. Principle of electroluminescence, taken from [9] 
 
  
Fig. 3.  Left: RS-EL image of cell sample before soldering. Right: RS-EL image of cell sample after soldering 
RS-EL image before soldering RS-EL image after soldering 
1.1 
1.2 
1.3 
2.1 
2.2 
2.3 
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As shown in the left image of figure 3, the non-interconnected cell exhibits minor failures such as few 
shunts, a finger interruption and poor cell edge isolation. In both images the small black dots represent the 
test probes, which are necessary for electrical contact. The market areas show the soldering joints. For an 
easier comparison the same positions are also market dotted in the RS-EL image before soldering. 
3.3. Results 
In the RS –EL image of the soldered cell (Fig.3, right image) differences in the RS distribution around 
the solder joint are visible. The darker the area the lower is the series resistance.  
It is visible that before and after soldering the series resistance increases in the area between two solder 
joints and in areas between both busbars as well. This is due to the fact, that the busbar could be 
connected directly before soldering and after soldering the test probes connects the ribbon which is just 
soldered at three points with the busbar. Thus the contact resistance and hence the series resistance 
increases between two solder joints as well as in some areas between the busbars. 
Comparing the three solder joints on the left busbar (1.1, 1.2, 1.3) with the three ones on the middle 
busbar (2.1, 2.2, 2.3), we come to the conclusion that the larger the temperature difference between the 
cell temperature and the soldering temperature the worse is the series resistance of the solder joint. This is 
a known effect and one reason for heating the solar cell during the tabbing step. Comparing the solder 
joints 1.1, 2.1 with 1.2, 2.2 and with 1.3, 2.3 the conclusion can be made that the increased soldering 
force has a minor impact in series resistance rather than the soldering time. 
4. Application of RS-EL on MWT solar cell 
After proving the ability to characterize solder joints spatially resolved we test the series resistance 
imaging on MWT solar cells [8]. The multicrystalline silicon cell contains three rows of emitter pads and 
three rows of base pads. The cell is soldered manually by contact soldering. The measurement is 
performed in the module technology center (MTC) of Fraunhofer ISE. A silicium CCD sensor system by 
Greateyes is used. 
On the left side of Fig.5 the soldered solar cell is shown. The darker the area in the images the lower is 
the series resistance and the better is the quality of the solder joint. On the bottom left area a poor 
soldered area is visible. After desoldering two contacts in the middle upper region another RS-EL image is 
taken. An increased series resistance is expected in this area, which also can be seen in the right image of 
figure 5. Thus the series resistance imaging method works well on MWT solar cells, especially on the 
emitter pads. If a base pad is not soldered by optimal parameters the current can distribute laterally to the 
next base pad by passing through the back side metallization. The impact of soldered emitter pads on the 
series resistance is thus much higher than for base pads. This correlation can be verified easily by flashing 
measurement after desoldering emitter or base pads. 
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Fig. 5.  left: mc-Si MWT solar cell with soldered interconnectors at the rear side. Right: Same cell but two contacts of the emitter 
side are removed. 
5. Conclusion 
The potential of the modified RS-EL method is demonstrated on standard solar cells and MWT solar 
cells. The spatially resolved method allows a non-destructive, fast, inline capable, simple to use and low 
maintenance inspection of distinct solder joints. By series resistance imaging it is able to detect solder 
joints with non-optimal processing parameters such as soldering force, time and cell temperature. 
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